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have been sequenced, respectively. PBoV3 and PBoV4 show nucleotide homology to 23 other known bocaviruses in swine and other organisms. Open reading frame (ORF) 24 analysis has shown that these viruses have a third small ORF, equivalent to the NP1 ORF 25 that distinguishes the bocaviruses from other parvoviruses. 26
A panel of porcine field sera was screened by indirect immunofluorescence against both 27 viruses. Of the 369 samples analysed, 32 (8.7%) and 35 (9.5%) sera were seropositive 28 for PBoV3 and PBoV4 respectively, thus providing serological evidence of the exposure 29 of swine in the field to bocavirus-like viruses. To date, the clinico-pathological 30 significance of these novel swine bocaviruses, as primary pathogens or as 31 immunosuppresive triggers for other infectious agents, is undetermined. 32
Introduction 37 38
Parvoviruses are widespread pathogens causing a variety of diseases in animals. The 39 family parvoviridae is sub-divided into two sub-families; Parvovirinae which infectM a n u s c r i p t Farm B: In a separate study, tissue samples were taken from three 3-week old, two 6-77 week old and two 9-week old pigs submitted from a farm with an ongoing problem with 78
PMWS. 79 80

Virus isolation 81
Tonsil, or faecal swab suspensions and tissue homogenates were inoculated into roller 82 tube cultures of semi-confluent primary pig kidney cell lines using standard methods. 83
Cultures were examined for signs of cytopathic effect (CPE) after 72 hours and thereafter 84 at daily intervals. After six days the cultures were subjected to three freeze/thaw cycles 85 and the cell lysates (200µl) were inoculated into fresh primary pig kidney cells. Unidentified cultures of particular interest were purified by either sucrose gradient 89 purification alone or sucrose coupled with CsCl gradient purification using standard 90 methods. Viral-containing aliquots were identified by electron microscopy and by 91 immunofluorescent assay using pooled sera from the five maternal sows from farm A. 
Production of swine antisera 108
Six 26-day old snatch farrowed colostrum deprived piglets were inoculated oro-nasally to the 3' of the three genomes based on regions of homology. These primers were then 147 used to amplify extracts of PBoV using already existing forward primers also located 148 near the 3' end of the known sequence PBoV3. 149
Amplicons produced by both these sequencing strategies were sequenced and analysed in 150
Vector NTI and blastn as described. 151
All the existing primers designed during the sequencing of PBoV3 were used for 152 preliminary sequencing and analysis of a second isolate of interest (PBoV4). 153 154
Genomic and phylogenetic analyses of PBoV3 and PBoV4 nucleotide sequences
A c c e p t e d M a n u s c r i p t converted to Fasta format and anlysed using ClustalW1.81 (http://align.genome.jp/) for 158 nucleotide similarity (Table 1) 
Results 174
Virus isolation 175
As expected, a number of common porcine viruses including porcine adenovirus, 176 enteroviruses and reoviruses, circovirus and porcine parvovirus were isolated from 177 animals in both farm studies. Two unidentified isolates that were recovered were subjectexhibited an evident CPE in the form of rounded cells after four passages in primary pig 181 kidney cell culture. The isolate was subsequently referred to as PBoV4. 182
In the second study, a primary pig kidney cell culture inoculated with a homogenate of 183 small intestine (SI 3 ) from a six-week old piglet also exhibited a CPE in the form of 184 rounded cells. Post-mortem analysis reported that this animal was in poor condition and 185 had pneumonia and severe diarrhoea. This virus is designated as PBoV3. 186 isolates of interest, a pool of terminal sera was produced. This pool was used to detect 198 the unidentified isolates in cell culture by indirect immunofluorescence. Strong nuclear 199 and faint cytoplasmic staining was observed in PBoV3 infected cell cultures (Fig. 1a) . A 200 similar pattern of staining was detected against isolate PBoV4 (Fig. 1b) . were identified by electron microscopy ( Fig. 2a and Fig. 2b Table 1 is a table of Mega 4 analysis produced a phylogenetic tree confirming that the PBoV3 and 4 isolates 285 are related to the other bocavirus. Phylogentic analyses of the protein sequences of the 286 three genes in the bocaviruses will be carried out after full sequencing of PBoV3 and 287
PBoV4. 288
Agarose gel electrophoresis of nucleic acid isolated from purified viral particles showed 289 one double and one single stranded DNA band. Parvoviruses vary regarding the amount 290 and sense of DNA that is encapsidated. For example, bovine parvovirus 1 encapsidates 291 approximately 10 to 15% of the plus sense strand (Chen et al., 1988) . Therefore the gel 292 electrophoresis pattern observed could be consistent with a parvovirus that encapsulated 293 M a n u s c r i p t 14 both positive and negative sense strands in different amounts / proportions. 294
The sequences were subjected to ORF analysis using NCBI ORF finder. Bocaviruses are 295 known to have three major open reading frames encoding two non-structural proteins and 296 a nested set of structural proteins. The 5' ORF codes for a large non-structural protein 297 NS-1, the smaller middle ORF encodes another non-structural protein and the right hand 298 ORF encodes a nested set of structural proteins. ORF analysis found that both PBoV3 299 and PBoV4 have three potential ORFs over 200 amino acids in size that correspond with 300 those of the known bocaviruses. Analysis of the NS1 ORF shows for PBoV4 that two 301 nucleotide changes coding for putative amino acid 668 result in termination of the NS-1 302 ORF at this point, significantly shorter than the 800 aa size of the PBoV3 counterpart. 303
However, both the NS1 and NP1 ORFs from both PBoV3 and PBoV4 fit into the range 304 of sizes of the ORFs of the other bocaviruses. No stop codon was found for the PBoV 305 VP1/2 sequence using NCBI ORF Finder, but comparison with the other bocaviruses 306 would suggest that this is very close to being the complete VP1/2 coding sequence. 307
To date, the clinico-pathological significance of these novel swine bocaviruses has not 308 been determined. The initial association of PBo-likeV with respiratory infections and 309 increased prevalence in PMWS-affected pigs is of significance. Indeed in this study, 310
PBoV3 was recovered from a piglet that presented with pneumonia and severe diarrhoea. M a n u s c r i p t 
